A three-year retrospective chart review was undertaken of all post-cardiothoracic ICU patients who underwent laparotomy for suspected mesenteric ischaemia, or who had the diagnosis confirmed at post mortem. The aim was to compare the clinical and diagnostic characteristics of cardiothoracic patients with suspected mesenteric ischaemia with patients who had a confirmed diagnosis.
Mesenteric ischaemia is a rare but devastating complication of cardiac surgery with a high mortality [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . A number of studies have identified risk factors for the development of mesenteric ischaemia following cardiac surgery 2, 5, 6, 8, 12 . However, there are few data concerning the diagnosis and outcome of patients when the diagnosis is suspected clinically. Visceral ischaemia is frequently not diagnosed until late in the clinical course. The usual symptoms of mesenteric ischaemia such as acute abdominal pain, nausea and vomiting may not be apparent in ventilated cardiac surgical patients. Consequently the diagnosis is often delayed and difficult without laparotomy. Approximately 40% of mesenteric ischaemic events are caused by emboli, 50% are associated with low flow states and arterial thrombus and 10% or less are due to venous occlusion 13 .
Mesenteric ischaemia encompasses a spectrum of pathology. Tissue oxygen tension at the tip of the gut villus decreases dramatically during hypoperfusion andthis causes the characteristic tip-to-base pattern of necrosis induced by increasing periods of mucosal ischaemia. These changes may proceed to include submucosal oedema and haemorrhage with ultimate transmural infarction. Early subtle changes may not be obvious during laparotomy or necropsy. In this review, we define "mesenteric ischaemia" as those changes noted on gross pathology at laparotomy or necropsy.
Our primary goal was to assess the usefulness of routine clinical assessment (clinical examination and the results of biochemical, haematological and radiological tests) in the diagnosis of patients suspected of having mesenteric ischaemia. Secondly, we wished to compare outcome between patients with proven mesenteric ischaemia and those patients in which the diagnosis was suspected but was not confirmed by laparotomy. In addition, we wished to determine the incidence of mesenteric ischaemia in our own institution and assess how often the diagnosis was missed.
METHODS

Patient selection
A retrospective chart review was conducted of all patients undergoing a laparotomy for suspected mesenteric ischaemia and all patients with a post mortem finding of mesenteric ischaemia over a threeyear period in a university affiliated cardiac hospital.
Approval for data collection was obtained from the local ethics committee. All adult patients with known or suspected mesenteric ischaemia following cardiac surgery who were operated on at Green Lane Hospital, a university affiliated cardiac centre, between 1 January 1998 and 1 January 2001 were included in the study. Patients were identified by reviewing the records of all laparotomies and of all post mortem examinations performed at Green Lane Hospital during the three-year study period. Experienced gastrointestinal surgeons performed the laparotomies. Once a patient was identified a systematic chart review was undertaken.
Patients were divided into one of two groups. Group A: patients in whom mesenteric ischaemia was diagnosed at laparotomy (either by surgical assessment or from the pathology report) or from post mortem examination.
Group B: patients who underwent a laparotomy for suspected mesenteric ischaemia but at laparotomy or subsequent examination (surgical specimen or post mortem examination) were found not to have mesenteric ischaemia.
Data Collection
For the purposes of the study a "cardiac operation" was defined as any thoracic surgery requiring the use of cardiopulmonary bypass (CPB) (e.g. surgery on the thoracic aorta), off-pump coronary artery bypass surgery, and lung transplantation (with or without the use of CPB). All other operations were excluded.
Data was collected on a range of perioperative risk factors, complications, diagnostic tests and outcomes. Preoperative data collection involved patient demographics, ASA status, Parsonnet score (a method of stratifying open-heart operations into levels of predicted operative mortality) 14 , whether the surgery was a re-operation, and whether the operation was an emergency (requiring surgery within 24 hours of diagnosis). Information on the following pre-existing medical problems was collected: renal impairment (creatinine >0.10 mmol/l for females, >0.12 mmol/l for males), diabetes mellitus, cardiac arrhythmia requiring drug treatment, left ventricular ejection fraction ≤ 40% (based on preoperative angiogram or echocardiogram) or "severely impaired systolic function" if only subjectively described, cardiac dysfunction requiring the use of inotropic drugs or an intra-aortic balloon pump (IABP).
Intraoperative data collection included the operation type, CPB time and aortic crossclamp time.
Postoperative data (i.e. following the primary cardiac operation) included in-hospital mortality, time from cardiac operation to laparotomy, length of stay in the intensive care unit (ICU), cardiac tamponade requiring chest re-opening, cardiac arrest requiring cardiac massage, low cardiac index (defined as ≤ 2.2 l/min/m 2 for ≥ 4 h documented in the clinical record), low mean arterial pressure (defined as ≤ 60 mmHg for ≥ 4 h documented in the clinical record), new postoperative arrhythmia requiring drug treatment, requirement for IABP, and the need for renal replacement therapy (continuous haemofiltration or intermittent haemodialysis). The number of inotropic drugs and need for mechanical ventilation in the 24 hour period prior to laparotomy (or death if no laparotomy was performed) were also recorded. The results of investigations for mesenteric ischaemia (clinical examination by experienced gastrointestinal surgeon, haematology, biochemistry and acid-base status, and abdominal radiology) carried out in the 24 h prior to laparotomy (or death if no laparotomy was performed) was recorded. A value was considered abnormal if it was outside the normal range reported by our laboratory service. However, for some parameters in which mildly abnormal results are common in critical illness, a higher threshold of abnormality was chosen (pH <7.2, base deficit >4, bicarbonate <20 mmol/l, lactate >4 mmol/l, aspartate aminotransferase >100 IU).
Reports of plain abdominal radiographs or abdominal computed tomograms (CT) were classified as (1) diagnostic of mesenteric ischaemia (the presence of intramural or portal venous air); (2) suggestive of mesenteric ischaemia (subjective comment by the reporting radiologist); (3) not suggestive of mesenteric ischaemia (reported as normal or an alternative diagnosis made). Reports that were diagnostic or suggestive of mesenteric ischaemia were classified as "positive".
Operation reports, surgical specimen pathology reports and post mortem reports were reviewed and the extent of mesenteric ischaemia noted as follows:
(1) no ischaemia; (2) localized ischaemia (i.e. involvement of a small segment of bowel); (3) whole vessel ischaemia (i.e. involvement of the territory of a single mesenteric artery); (4) widespread ischaemia (i.e. involvement of the territories of multiple mesenteric vessels). Where a discrepancy existed between the surgeon's report and the pathological specimen (either from the laparotomy or from the post mortem), the report from the pathological specimen was used.
During the study period all in-hospital deaths following cardiac surgery were subject to a coroner's post mortem. Access to a computerized database allowed information on the total number of cardiac operations and in-hospital mortality during the study period.
Statistical Analysis
Results are reported as mean ±SD or count (%) unless otherwise specified. Median values are reported with upper and lower quartiles in parenthesis.
The incidence of mesenteric ischaemia was reported with binomial 95% confidence intervals (CI). Patient outcomes were compared using a Chisquared test or Fishers exact test if 25% of the cells expected counts were <5 and an unpaired t-test for continuous variables. Logistic regression was used to calculate the association between clinical assessments and presence of mesenteric ischaemia and reported as odds ratios (OR) and 95% CI. In all cases tests were two tailed and a P<0.05 was considered significant. Analyses were performed using the statistical software package SAS release 8.0.
RESULTS
There were 3024 adult cardiac operations performed during the study period with an overall inhospital mortality of 4.6%. Perioperative patient characteristics for the two study groups are shown in Table 1 . Thirty-three laparotomies were performed during the study period: 26 of these were for suspected mesenteric ischaemia ( Figure 1) . A positive laparotomy for suspected mesenteric ischaemia was found in 15 of 26 patients. All patients who underwent a laparotomy for suspected mesenteric ischaemia had undergone CPB, except one patient who developed mesenteric ischaemia following lung transplantation. Two patients who did not undergo laparotomy had evidence of mesenteric ischaemia at post mortem examination. In one of these two cases, mesenteric ischaemia was an unexpected finding.
The overall incidence of mesenteric ischaemia was 17/3024 (0.6%).
The overall mortality for study patients was 71% (20/28). Among the 26 patients who underwent laparotomy, there were 18 in-hospital deaths (69%). The mortality for patients with mesenteric ischaemia (Group A) was 13/17 (76%) and 7/11 (64%) in Group B (P=0.67). All deaths in Group A were directly attributed to mesenteric ischaemia. Of the seven patients who died in Group B, two were cardiovascular deaths and five were due to multi-organ failure and sepsis.
Events that occurred following cardiac surgery but prior to laparotomy are shown in Table 2 . The median time between the first cardiac operation and laparotomy was 7 days (IQR 3, 9) for patients in Group A and 7 days (IQR 3, 14) for patients in Group B. Median ICU stay for patients in Group A was 9 days (IQR 4, 12) and 23 days (IQR 11, 37) for patients in group B (P=0.04). Median ICU stay was similar between groups for survivors (21 days (IQR 9, 37) for Group A and 24 days (IQR 14, 28) for Group B, P=0.89). Inotrope requirements were similar in both groups. The distribution of inotropes (dopamine, milrinone, and noradrenaline) was similar in both groups. Vasopressin was used in one patient only-from Group B.
The decision to proceed to laparotomy was based on clinical suspicion of mesenteric ischaemia (history, examination, blood tests and abdominal radiology). Biochemical and haematological data are shown in Table 3 . Abnormal findings on abdominal examination were documented in the clinical notes in all but three patients (Table 3) ; but there were no differences between groups.
The reports from plain abdominal radiographs performed in the 24 hours prior to laparotomy (or death where no laparotomy was performed) were available in 13/17 patients in Group A and 7/11 patients in Group B. In Group A, 7/13 radiographs were positive for ischaemia (5 diagnostic, 2 suspicious) and six were negative. In Group B, 7/7 radiographs were negative for ischaemia (P=0.05, positive predictive value 1.0, negative predictive value 0.5, sensitivity 54%, speci-ficity 100%). Six out of seven patients with a positive abdominal radiograph died.
An abdominal CT was performed in 4/17 patients from Group A and 2/11 patients in Group B for suspected mesenteric ischaemia. Abdominal CT was diagnostic for mesenteric ischaemia despite a negative plain radiograph in two patients from Group A. Abdominal CT did not suggest ischaemic bowel in either patient from Group B.
Four patients with mesenteric ischaemia survived. Of these patients one had a positive abdominal radiograph, one had an elevated phosphate, two had a raised white blood cell count and none were acidaemic (data on all patients were available). Only one of the four had a lactate recorded and this was normal.
The pathology findings of those in group A were: ischaemia of a single segment of bowel in 8/17 (47%) patients, 4 (50%) of whom survived; ischaemia involving the distribution of a single mesenteric vessel in 6 (35%) patients, all of whom died; ischaemia involving the distribution of multiple mesenteric vessels in 3 (18%) patients, all of whom died. In one patient from Group A, the findings at laparotomy were non-specific, but at post mortem a single seg- ment of small bowel ischaemia was identified. In all other cases the findings at laparotomy were confirmed by post mortem examination. Laparotomy findings were non-specific in 9/11 (82%) of Group B patients (e.g. reported as bowel oedema or ileus). One patient from Group B had a pseudo-obstruction and one patient had diverticular disease.
DISCUSSION
This study compares postoperative cardiac surgical patients who developed mesenteric ischaemia with those who had clinically suspected disease but were subsequently shown not to have the condition at laparotomy. This is the first time this study approach has been used and mirrors the clinical dilemma faced by physicians caring for such patients. There was no reliable indicator of mesenteric ischaemia prior to laparotomy in our patient population. Abdominal radiograph was a poor test for detecting ischaemia in practice. Although abdominal radiograph had a PPV of 1, the NPV was 0.5 and sensitivity was only 54%. A positive finding was indicative of late disease 15 . The usefulness of plain abdominal radiography lies not in detecting or ruling out mesenteric ischaemia but in detecting other bowel pathology (e.g. bowel perforation, mechanical obstruction). Additional diagnostic information may have been obtained from more extensive use of abdominal CT or mesenteric angiography [16] [17] [18] . However, mesenteric angiography must be performed early in the clinical course if subsequent therapy (e.g. surgery for occlusive mesenteric ischaemia or pharmacological vasodilation for nonocclusive disease) is to have any impact 19 . Early recognition of the acute abdomen and subsequent angiography may be difficult to perform in critically ill patients.
Various biochemical and haematological abnormalities have been associated with mesenteric ischaemia including acidaemia 6, 20 , increased lactate 8 , elevated phosphate 20 , high amylase concentrations 6, 20 , abnormal liver function tests 2 , and leukocytosis 2,6,10,20 . One of these studies 2 is a case control study in which the controls had no gastrointestinal abnormalities and the others are case series 6, 8, 10, 20 . In contrast, in this current study in which all patients had suspected mesenteric ischaemia (except one patient in Group A), no biochemical or haematological test was discriminatory. In particular, a lactate greater than 4 mmol/l was seen in 4 of 8 patients with a negative laparotomy and was absent in 5 of 11 patients who did have mesenteric ischaemia. Despite the absence of mesenteric ischaemia, patients in Group B were critically unwell with a high incidence of haemo-dynamic instability and multiple organ dysfunction, particularly renal failure. Acidaemia, hyperlactatemia, abnormal liver function tests and leukocytosis were therefore not unexpected. Acid-base status, lactate, and phosphate are influenced by renal replacement therapy, which was used in 41% of patients in Group A and 55% of patients in Group B. Moderate hyperlactataemia may occur in the absence of organ ischaemia due to the use of lactate-buffered renal replacement fluid. Conversely, the hyperlactataemia and acidaemia associated with organ ischaemia may be masked by the use of bicarbonatebuffered renal replacement fluid. In addition, the use of diuretic agents, the administration of citrate-anticoagulated blood products, and hypoalbuminaemia can all influence acid-basis status.
The incidence of mesenteric ischaemia following cardiac surgery is 0-0.6% [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [21] [22] [23] [24] . Our incidence of 0.6% is consistent with studies published since 2000 1, 2, 11, 12 and reflects an ageing population with increased comorbidities, as well as advances in perioperative management over the last decade (e.g. renal replacement therapies).
The reported mortality rate for mesenteric ischaemia complicating cardiac surgery is between 60-100% 1-11 with a number of studies demonstrating a mortality of greater than 90% [6] [7] [8] [9] [10] [11] . Our mortality rate for mesenteric ischaemia of 76% is at the lower end of the reported range. Mortality was not significantly different in patients from Group B (64%). Only eight patients (31%) who had a laparotomy for suspected mesenteric ischaemia survived to hospital discharge and only four patients (15%) with documented ischaemia survived to hospital discharge. All four of these patients had ischaemia involving only a single segment of bowel. More extensive ischaemia, involving the entire territory of a mesenteric vessel or multiple vessels, always resulted in death.
Risk factors for the development of intra-abdominal complications following cardiac surgery including increased age [6] [7] [8] [9] 11 , congestive cardiac failure 11, 23, 24 , hypertension 8, 24 , prolonged CPB 2, 11, 12, 21 , open heart or complex procedures [3] [4] [5] 9, 12 , emergency surgery 7 , reoperation 4,7 , IABP use 4, 7, 11, 12 , perioperative renal failure 5, 12, 23 , and increased inotrope or vasopressor use 2, 7, 9, 11 . The few studies that have specifically looked at mesenteric ischaemia report advanced age 6,8 , prolonged CPB time 2, 5, 12 , and perioperative renal failure 5, 12 to be risk factors. We were unable to demonstrate differences between groups for these risk factors. Given the small numbers of patients and the fact that identification of preoperative risk factors was not a primary aim of the study, the data in Table  1 are presented without statistical analysis. The Parsonnet scores (Table 1) indicate that patients from both groups had a median predicted mortality of 10-20% 14 . Patients from both groups had complicated postoperative courses and had a high incidence of organ dysfunction. This is reflected in the high proportion of patients requiring mechanical ventilation, inotropic support, IABP therapy and renal replacement therapy following their cardiac surgery (Table  2 ). However, there were no significant differences between the groups. The high mortality seen in both groups reflects a cohort of critically ill patients with multiple organ dysfunction in which the risk of dying was not dependent on a finding of mesenteric ischaemia. Laparotomy findings were non-specific (bowel oedema or ileus) in 9 of the 11 patients in Group B. These changes could be consistent with early ischaemia but necropsy in the 7 who died refuted this. Median ICU stay was significantly shorter amongst patients in Group A compared to those in Group B. This is attributable to the rapid deterioration and death frequently seen with the onset of mesenteric ischaemia. The effect of a negative laparotomy has not been quantified in these patients.
The rate of missed diagnosis was low. Two patients who did not undergo laparotomy were found at post mortem examination to have mesenteric ischaemia. In one of these patients the diagnosis was suspected clinically but the patient died prior to planned laparotomy. The role of laparoscopy and CT for the diagnoses of mesenteric ischaemia in unstable post-cardiac surgery patients is uncertain. Bedside laparoscopy is possible but equivocal results are unhelpful; gastric or colonic tonometry may have a role monitoring gut ischaemia, but laparotomy is still required if clinical suspicion is present 25, 26 . Ischaemic colitis involving the left sided colon typically presents with left-sided abdominal pain and blood-stained diarrhoea. It often runs a benign course. Surveillance colonoscopy has an important role in monitoring progress of this condition 27 . However, colonoscopy is less reliable at diagnosing ischaemia involving the right sided colon, the caecum, or small bowel.
This study is a retrospective review and subject to heterogeneity as well as possible author biases and experiences. However, it suggests that routine clinical assessment is unable to identify patients who have mesenteric ischaemia when the diagnosis is suspected clinically. Early laparotomy is indicated and investigations may only serve to delay this procedure. We noted that patients who have more limited infarction have increased survival following surgical resection and that early laparotomy may help clarify a decision to withdraw active treatment when widespread ischaemia is discovered.
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